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(54) Method for channel assignment in a mobile communication system with space division 
multiple access 



(57) In a mobile communication system with space 
division multiple access, under channel re-use condi- 
tions, the channel to be assigned to a terminal is deter- 
mined by evaluating a cost of the assignment of each 
channel already in use. This cost is a function of the 
mean time that elapses between two successive chan- 
nel assignments to the terminal, and it allows identifying 
the channel that allows maximising that time. The eval- 



uation is performed by using cost coefficients that take 
into account information on the topology of the cell and 
on the mobility of the terminals and are determined in a 
system initialisation phase by subdividing the ceil into 
sectors and by detecting the instants of collision 
between terminals. 
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Description 

10001] The present invention relates to mobile communication i*™^™'^^^"™ * ^ 

[0002] Mobile communication systems are characterised by a ~™"" ou ^'" cre J ^ a jnterest to study new 

to share limited resources, particuiar in ^ to *^S e ^lt.S techn*,ues proposed 
access techniques which allow a more ettetf^^ fon 

for this purpose is the SDMA technique. ^^^Sy^^tolhetee^stationcan 
reTs\me^ 

the so-called "smart antennas"), that allow distinguishing •^^^^JJ^'Je usefol and of the interfering 
iheir directions of arrival. By following the < * an ^. of interest with the main 
signals, the antennas continuously adapt the rad.at.on diagram. m ^7"° w '"fjf e ^ jna|s ms yields a bet ter car- 
,cSe of that diagram I^SSSSS* - ~ —as of 
rier/interference (C/l) ratio both for the base stauon ana io - SDatia | orthogonality between users, 

distinguishing between useful signals and .ntenenng ™»>*'"<^ ^^^ey are TdiSerent angular positions with 

minal transmitting the useful signal only to a limited extent . influences channel assignment procedures 

[0004] Thepossibilityofusingthesamechanne^ 

both at the call set-up and in case of handover : ,n SOM A -^^^^^!S handover) and when the 

the^sep^rationbetweentwoter^ 

charS ? assignments relating to the same terminal must be made as long as possible. 
35 [0006] These requirements depend on the position of the mobile terminals, on their speed and on the topographic 
characteristics of the cell. lirflfflerrf . it is convenient to assign to a terminal, when- 

Institute of Computer Science. University WOrzburgJ 

poses to assign the channels by taking .nto a ^* entails as a consequence a 

nals. and it reports some performance ^ SSSS6 ^J^^^T^ S Z channel to users who. although angu- 
non-optimal utilisation of resources, since on one hand .t cannot *e «me characteristics and/or 

,ar.y dose, cannot collide or will possib.y collide only after ^'^ 9 *^^*^eKe,y frequent handovers, 

teristics of the ceil and/or to the ^^^~^^ g ^ne.s which takes into account not only the 
[0009] The present invention provides instead l a i "JJJ^SSS « the topographic characteristics of the cell, 
position of the terminals, but also their characteristics of ™bMyas well as the > opog p ^ 
[001 0] Accoiding to this method, under channel re-use cond tions. ttw ^"f ^^^ , ^ Q which mA is a function 

initialisation phase through the following operations: 
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subdividing a cell of the system into zones, herein termed sectors; 

- tracking the active terminals during their displacement inside the cell and storing the instant at which each terminal 
enters each sector travelled by it in the course of that displacement; 

- detecting collisions between two terminals, a collision being recognised as a decrease in the angular separation 
5 between said terminals below a pre-set threshold, and the instant wherein said collision occurs; 

storing, upon that detection, a collision event both for each of the sector pairs wherein two terminals involved in a 
collision were simultaneously present in the course of their movements within the cell, and for the individual sectors 
travelled by the two terminals; 

counting the number of collisions for the different sector pairs and for the individual sectors; 
10 - computing the mean time elapsing between the entry of a terminal into one of the sectors considered and the 
instant of collision; 

- determining a cost coefficient for each sector pair as a function of the mean time necessary for this collision to 
occur. 

75 [001 1 ] Preferably, such cost coefficients are inversely proportional to said mean time, which may be weighted with the 
probability that the collision takes place. In this second case, the operations that lead to the determination of the cost 
coefficients shall also comprise the computation, for each sector pair, of the probability that a collision occurs between 
the terminal which at the instant of the channel assignment request is in the first sector of the pair and a terminal which 
at the same instant is in the second sector of the pair. 

20 [001 2] The angular separation threshold can be a function of the minimum acceptable C/l ratio. 
[001 3] For the sake of greater clarity, reference is made to the accompanying drawings, wherein: 

Fig. 1 is a simplified representation of a cell of a mobile communication system which utilises the SDMA technique; 
Figs. 2, 3 are flow charts of the operations of the method according to the invention; 
25 - Figs. 4 to 6 are diagrams of some channel assignment scenarios which allow understanding the advantages inher- 
ent in the use of the invention; and 

Figs. 7 is a diagram showing cost determination operations. 

[0014] With reference to Fig. 1, there has been schematically shown a cell of a mobile radio system with a certain 
30 number of active terminals (five of which, indicated as M1 ... M5, are visible in the Figure) and a base radio station BS. 
here represented schematically by the antenna, which as stated above, must be able to generate beams pointing 
towards individual users and to follow their movements. The term "active terminal at a given instant" means a terminal 
which at that instant has an ongoing communication or requests access to the system. The base radio station shall in 
turn be connected to units of higher hierarchical level (not shown) which perform all tasks connected with managing 
35 communications, including channel assignment, as in any mobile radio system. For an understanding of the invention, 
the actual structure of these units need not be shown. 

[0015] As the system is an SDMA system, a radio channel may be shared by multiple users provided their angular 
separation is such as not to give rise to superposition between the beams. By way of example in the drawing it was 
assumed that the terminals M1 , M3 share a same channel indicated as A, that the terminals M2, M5 also share a same 
40 channel, different from the previous one (channel B) and that the user M4 is assigned a channel C, not shared by other 
terminals. 

[0016] The general criterion for channel assignment in the system is as follows: 

if a free regular channel is available, that channel (or one of those channels, if there is more than one) is assigned 
45 to the user; 

if no free regular channels are available, then an available shared channel, chosen with the method according to 
the invention, is assigned to the user; 

if not even shared channels are available, then the request is rejected, i. e. the call is blocked in case of initial chan- 
nel assignment or interrupted in case of handover. 

50 

[001 7] The method according to the invention, which is applied in the individual cells of the system, takes into account 
information about the topography of the cell, the spatial distribution of the terminals at the moment of the request for a 
new channel and their mobility characteristics (displacements and possibly displacement velocity) and requires the 
assessment of a cost of channel assignment, determined as shall be seen better hereafter. The channel chosen shall 
55 in general be the one entailing the lowest cost. 

[0018] Information about the topography of the cell are obtained by means of its subdivision into zones, indicated as 
sectors S1 ... Sn in Fig. 1 . The cost function shall generally be linked to the mean time necessary for a collision to occur 
between the terminal which has requested channel assignment and which is located in a first sector of the cell at the 
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^ t«eVCiTh o^a^e mobiJSnals, indicated as Ma. Mb. respective* served by channels A and 
[ B and a S^K^S t which is invoked in a ca.l that requires »e assignment of a new channei; « and p are 

Ma and Mr, although initially p was greater than a: a method based on angular separauo 

SKS'KSSS 5SS3f JSSSt- » . <— « 

Ifetorf c-coTrs H the probability is not taken into account, then the coefficients C„ have the expression. 
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Cij = Kffij* (1) 
[00271 If the probability is taken into account, then the coefficients Cij have the expression: 

Cij = KHTPij (2) 
[0028] in both cases K is a proportion^ constant which, for the sake of simplicity. shaH hereafter be considered to 
JooSreuiWing the coefficient matrix thus requires counting events and times, and the processing units present in the 
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fixed part of the system shall have to be programmed to perform such counts: this is absolutely not a problem, since 
counts of this kind are performed during the normal monitoring of the system operation. The way in which the coefficient 
matrices are built shall be illustrated farther on. 

[0030] The flow chart in Fig. 3 shows the procedure that leads to the determination of the coefficients, in a first embod- 
iment of the invention which takes into account only the sectors in which each pair of active terminals is simultaneously 
present and not the direction of entry into those sectors. The system constantly follows the position of the active termi- 
nals, detects the transitions between one sector and the other for each mobile means and stores the instants of transi- 
tion. Upon detection of a collision event, the instant where it occurs is stored and the collision event counters are 
increased both for the sectors where the terminals are present at the instant of collision and for each sector pair where 
the two terminals were simultaneously present before colliding, as well as for the individual sectors travelled by each 
terminal. By using the values stored for the instants of entry into the sectors, the instant of collision and the number of 
collisions, the mean duration is computed of the intervals elapsed between the instant of entry into a sector and the 
instant of collision, always for all sectors travelled by the two terminals. Counting the collision events also allows deter- 
mining the probability of collision for each pair of sectors (ratio between the number of collisions in which the pair is 
involved and the number of collisions in which the individual sector is involved). By using the mean times and possibly 
the probability of collision for each pair of sectors, costs are determined according to (1) or (2). The duration of this sys- 
tem training phase shall be such as to guarantee the attainment of significant values. 

[0031 ] If the directions of entry are to be taken into account, then different counters shall be needed for each combi- 
nation of directions of entry into the two sectors, and hence the mean times, the probabilities and the coefficients shall 
be computed separately for each combination. 

[0032] To provide a better illustration of the aforesaid procedure, reference is made to Fig. 7 which shows the dis- 
placements and a time diagram for two terminals of which the first enters the cell in correspondence with sector Sa and 
then moves into sectors Sb, Sc, whereas the other is located in sector Sd at the instant at which the first terminal enters 
the cell and then moves into sectors Se, Sf, Sg. It is assumed that at an instant t x at which the terminals are located 
inside the sectors Sc and Sg respectively, angular separation between the terminals drops below the minimum thresh- 
old 8 (which may be a function of the minimum acceptable C/l ratio between the useful signal and the interfering signal 
of a terminal that uses the same channel), thereby giving rise to a collision. In the diagram in Fig. 7, the first two lines 
show the paths of the terminals, the third line shows the instants of entry of the terminals into the different sectors, and 
the subsequent lines show the time intervals elapsed between the entry into a sector taken into consideration and the 
instant of collision, for terminal 1 and for terminal 2 respectively. 

[0033] For both terminals the system stores a data table containing in one row the positions of the terminal, repre- 
sented by the sector identifier, and in a second row the instants of entry into the different sectors: the tables for the two 
terminals of the example are thus as follows: 



! Terminal 1 


position 


Sa 


Sb 


Sc 






time 


tla 


*ib 


tic 






Terminal 2 


position 


Sd 


Se 


Sf 


sg 




time 


t 2 d 


t 2e 




*2g 





[0034] The way in which the positions of the individual terminals are evaluated depends on the specific system where 
the method of the invention is employed and is of no interest for the purposes of the invention. Times may be absolute 
times, or times relative to a reference instant. 

[0035] As stated above, for the purposes of the method, the sectors involved in the collision are those where the two 
terminals are present simultaneously. Therefore, at the instant t x of collision, it is necessary to increase by one unit the 
counters Ncf, Nbf, Nad, Ncc, Nbb, Naa for terminal 1 and the analogous counters Ngc, Nga, Nea, Ngg, Nff, Nee for ter- 
minal 2. Moreover, by using the values t 1a , t 1b ... t 2g of the instant of entry of each of the two terminals into a sector, the 
values Tcf. Tbf, Tad of the time elapsed between the instant of collision and the entry of terminal 1 into Sc, Sb and Sa 
are computed, as well as respectively the values Tgc, Tfa, Tea of the time elapsed between the instant of collision and 
the entry of terminal 2 into Sg, Sf, Se. For each terminal, these values take into account the position of the other termi- 
nal. 

[0036] Tables similar to those indicated for terminals 1 and 2 are to be built for all pairs of active terminals followed in 
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this training phase, and corresponding collision and time counts shall be performed I for such pair* 
of collisions Nifl along with the probabilities of coll.s.on Peg, Pcf. Pbf, Paf. Pae (P.j - N.j/N.. . where 

n 

Nii = £Nij • 

H 
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15 



20 



25 



««, „ . number of eeaonfl. The prebabilny 0. collision and me mean timet ma, obviously be oomputed a 9 ain when- 

that maximum is the lowest. If the coefficients Cij are g.ven by (2 0 ^£? u £.\ h . channel 

then read, and the costs relating to the sectors wherein the channels A, B. C are in use are reaa 
in the line are as follows: 
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S1 




Sh 




Sk 




Sm 




Sp 


Sz 


Cz1 




Czh 




Czk 




Czm 




Czp 



[00411 If the first method is used, then the costs shall be: for channel * 0(A) - Max (Czl Czp) ^ for channel B, 
OW I Max(Czh. Czm) ; for channel C, C(G) = Czk . With the second method, for channel A the cost shall be 



C(A): 



1 



Cz1 + Czp 



for channel Bit shall be 
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C(B): 



Czh Czm 
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for channel C. used only in Sk, the cost shall be C(C) = Czk . The channe! assigned shall be the one for which the value 
ST ? ehed^nTcSing to which a terminal enters a sector is taken into account in determining , co^. then 

be of the type 
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and respectively 

where dj, dj are one of the four possible directions of entry into Si and Sj (hereafter indicated as a = entry from above, 
b o entry from below, d = entry from the right, s = entry from the left) . Thus, there shall be 1 6 matrices instead of a single 
one. In this case it shall also be necessary to distinguish the case of handover from that of call set-up. In the first case, 
the direction wherein a terminal enters the sector is known, and therefore channel assignment is performed exactly as 
in the previous case, by reading the coefficients in the matrix corresponding to the specific pair of directions of entry 
and proceeding as required by either type of coefficient. . In the second case, the direction of arrival of the requesting 
terminal is unknown, and the evaluation of the assignment cost is a bit more complex, though it does follow the princi- 
ples described above. 

[0043] More specifically, considering solely the requesting terminal located in the sector Sz and another active termi- 
nal that occupies the sector Sw and that has entered that sector from the left (as shown by the arrow), when the coef- 
ficients are given by (1), the greatest of the four coefficients C ™ , ,C™ , Cm is taken as the channel assignment 
cost. If the coefficients are given by (2), then the mean collision time T^J shall be computed as 



where x= a, b, d, s : by setting P ?8 = lp xs/4l with simple mathematical considerations one can see that the assign 
ment cost is given by 

Czw = 4/(£1/C x ™. 



[0044] The above considerations can be generalised immediately to the case wherein each channel is engaged by 
multiple terminals. 

[0045] It is clear that, if the direction of entry is taken into account, it is convenient to choose a subdivision into sectors 
of regular geometric shape (commonly quadrangular or hexagonal) in order to limit the number of possible directions of 
entry into the sectors and thus the number of matrices to be created. 

[0046] In the case of a regular subdivision, a mean velocity of the terminals can also be taken into account, which 
mean velocity is expressed for instance as the number of sectors travelled by the terminal in the unit of time. In this 
case, one could think of grouping the mobile terminals into velocity classes, and the coefficient matrices shall then be 
built for each pair of classes (in the most general case, the two terminals that collide shall belong to different velocity 
classes). The intervals T y indicated above can be used as times. It is intuitive that to higher speeds correspond higher 
costs. 

[0047] It is evident that the description above is provided purely by way of non limiting example and that variations 
and modifications are possible without thereby departing from the scope of the invention. 

Claims 

1. Method of assigning radio channels in a mobile communication system with space division multiple access, 
wherein multiple terminals active in a same cell of the system can utilise a same channel if their angular separation 
does not drop below a pre-set threshold, characterised in that, at least under conditions of re-use of the channels 
themselves, the channel to be assigned to a terminal ("requesting terminal") is determined by evaluating a cost of 
the assignment for each available channel, which cost is linked to the time that elapses between two successive 
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channel assignments to said terminal, and by identifying the channel that allows maximising such time, said eval- 
uation being performed by utilising cost coefficients which take into account information about the topology of the 
cell and about the mobility of the terminals and which are determined in the course of a system initialisation phase 
with the following operations: 

subdividing a cell of the system into sectors; 

- tracking the active terminals during their movements within the cell and storing the instant of entry of each ter- 
minal in each sector travelled by the terminal in the course of its movement; detecting the collisions between 
two terminals, a collision being recognised as a drop in the angular separation between said terminals below 
the threshold, and detecting the instant wherein said collision occurs; 

- storing, upon said detection, a collision event both for each of the sector pairs where two terminals involved in 
a collision were simultaneously present during their movements within the cell, and for the individual sectors 
travelled by the two terminals; 

counting the number of collisions for the different sector pairs and for the individual sectors; 

- computing the mean time elapsing between the entry of a terminal into one of the sectors considered and the 
instant of collision; 

- determining a cost coefficient for each sector pair, which coefficient is a function of the mean time necessary 
for the collision to take place. 

2. Method as claimed in claim 1 , characterised in that the cost coefficients determined during the initialisation phase 
are periodically updated, according to the results of the channel assignment during the regular operation. 

3. Method as claimed in claim 1 or 2, characterised in that said operations of counting the number of collisions, com- 
puting the mean time and determining a cost coefficient for each sector pair are performed separately for each of 
the possible combinations of directions of entry of the terminals into the two sectors. 

4. Method according to any of the previous claims, characterised in that, Starting from said mean time, a mean veloc- 
ity of each active terminal is determined; the mean velocities are grouped into velocity classes, each comprising 
velocity values within a predetermined interval; and said operations of counting the number of collisions, computing 
the mean time and determining a cost coefficient for a sector pair are performed separately for each pair of velocity 
classes. 

5. Method as claimed in claim 4, characterised in that said mean velocity is determined as the ratio between the 
number of sectors travelled during said mean time and the mean time. 

6. Method as claimed in any one of the previous claims, characterised in that said cost coefficients are proportional 
to the inverse of said mean time. 

7. Method as claimed in claim 6, characterised in that, for the evaluation of the cost of the assignment, for each usable 
channel the maximum value is sought among the cost coefficients related to each of the sector pairs comprising 
the sector where the requesting terminal is located and one of the sectors where terminals that utilise the channel 
are located, and in that the channel for which such maximum value is the lowest is assigned. 

8. Method as claimed in claim 6 if referred to claim 3, characterised in that, for the evaluation of the cost of assignment 
to a requesting terminal that is located in a first sector: 

a) in case of new call set-up, for each usable channel the maximum value is sought among the cost coefficients 
that, for each of the sector pairs comprising the first sector and a second sector wherein a second terminal 
which utilises the channel is located, relate to the combination of one of the possible directions of entry of the 
requesting terminal into the first sector with the direction of entry of the second terminal into the respective sec- 
ond sector; 

b) in case of handover, for each usable channel the maximum value is sought among the cost coefficients that, 
for each of the sector pairs comprising the first sector and a second sector wherein a second terminal which 
utilises the channel is located, relate to the specific combination of directions of entry of the requesting terminal 
and of the second terminal into the respective sectors; 

and in that the channel for which such maximum value is the lowest is assigned. 
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9. Method as claimed in any one of claims 1 to 5, characterised in that, during said initialisation phase, for each sector 
pair the probability is also computed of a collision between a requesting terminal located in a first sector of the pair 
and another terminal which at the instant at which the need to assign the channel arises is located in the second 
sector of the pair and said cost coefficients are proportional to the inverse of the mean time weighted with the prob- 

5 ability of collision. 

1 0. Method as claimed in claim 9, characterised in that, for the evaluation of the assignment cost, for each usable chan- 
nel the sum is computed of the inverses of the cost coefficients relating to each of the sector pairs comprising the 
sector wherein the requesting terminal is located and one of the sectors wherein terminals which utilise said chan- 
ge nel are located, and in that the channel for which the inverse of that sum is minimum is assigned. 

11. Method as claimed in claim 10 if referred to claim 3, characterised in that, for the evaluation of the cost of assign- 
ment to a requesting terminal that is located in a first sector: 

75 a) in case of new call set-up, for each usable channel and for each of the sector pairs comprising the first sector 

and a second sector wherein a second terminal that uses the channel is located, a mean probability of collision 
(P ?s ) is determined as the average of the probabilities of collision for each combination of one of the possible 
directions of entry of the requesting terminal into the first sector with the direction of entry of the second termi- 
nal into the respective second sector and a weighted mean time T^ ?s is determined as the sum of the mean 

20 times relating to each of said combinations and weighted each with the respective probability of collision nor- 

malised with respect to the total probability of collision between the requesting terminal and a second terminal 
that entered the respective second sector from the specific direction; a mean cost coefficient is determined 
which is proportional to the inverse of the product between the weighted mean time and the mean probability; 
and the sum of the inverses of the mean cost coefficients is computed; 

25 b) in case of handover for each usable channel, the sum is computed of the inverses of the cost coefficients 

relating to each of the sector pairs comprising the sector wherein the requesting terminal is located and one of 
the sectors wherein terminals that use said channel are located, for the specific combination of directions of 
entry into the sectors; 

30 and in that the channel for which the inverse of such sum is the lowest is assigned. 
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(54) Method for channel assignment in a mobile communication system with space division 
multiple access 

(57) In a mobile communication system with space 
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tions, the channel to be assigned to a terminal is deter- 
mined by evaluating a cost of the assignment of each 
channel already in use. This cost is a function of the 
mean time that elapses between two successive chan- 
nel assignments to the terminal, and it allows identifying 
the channel that allows maximising that time. The eval- 
uation is performed by using cost coefficients that take 
into account information on the topology of the cell and 
on the mobility of the terminals and are determined in a 
system initialisation phase by subdividing the cell into 
sectors and by detecting the instants of collision 
between terminals. 
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